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The claimed invention relates generally to the field of fluidic control 
devices and more particularly, but not by way of limitation, to an apparatus for 
controlling an access element adjacent a rotatable surface, such as a data 
transducing head and recording disc in a data storage device. 



Digital data storage devices are used to store and retrieve large amounts of 
user data in a fast and efficient manner. A typical data storage device uses an 
actuator assembly to support an array of vertically aligned data transducing heads 
adjacent recording surfaces in a disc stack. 

The disc stack is rotated at a relatively high rotational velocity by a spindle 
motor. An actuator motor (such as a voice coil motor, VCM) pivots the actuator 
assembly to align the transducers with data tracks defined on the recording 
surfaces to write data to the tracks and retrieve previously written data from the 
tracks. The heads are typically hydrodynamically supported adjacent the recording 
surfaces by fluidic currents established by rotation of the disc stack. 

A continuing trend in the industry is to provide successive generations of 
data storage devices with smaller sizes and increased storage capacities and data 
transfer rates. There is therefore a continued need for improvements in the manner 
in which heads are positionally controlled, both during operation and when the 
device is deactivated. It is to such improvements that the claimed invention is 
generally directed. 

Summary of the Invention 

Preferred embodiments of the present invention are generally directed to an 
apparatus which provides improved positional control for an access element 
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moveable adjacent a rotatable surface, such as a data transducing head adjacent a 
data recording surface of a data storage device. 

In accordance with some preferred embodiments, the apparatus generally 
comprises a circumferentially extending windage plate adapted for placement 
5 adjacent a rotatable surface. The plate includes an edge surface configured to 

extend adjacent a movement path of an access element across the rotatable surface. 
The edge surface supports a ramp structure adapted to receivingly support the 
access element at a position away from the rotatable surface. 

In accordance with other preferred embodiments, the apparatus generally 
1 0 comprises a rotatable surface and an access element moveable along a movement 

path adjacent the rotatable surface. A stationary, circumferentially extending 
windage plate is disposed adjacent the rotatable surface and includes an edge 
surface disposed adjacent the movement path. A ramp structure supported by the 
edge surface receivingly supports the access element at a position away from the 
15 rotatable surface. 

These and various other features and advantages which characterize the 
claimed invention will become apparent upon reading the following detailed 
description and upon reviewing the associated drawings. 



20 Brief Description of the Drawings 

FIG. 1 is an exploded, perspective view of a data storage device which 
utilizes separator plates (windage plates) to effect head positioning control during 
operational and deactivated modes in accordance with preferred embodiments of 
the present invention. 

25 FIG. 2 is an elevational, cross-sectional view of the device of FIG. 1 . 

FIG 3 illustrates a portion of the windage plate of FIGS. 1 and 2 in 
accordance with some preferred embodiments. 

FIG. 4 illustrates the windage plate in accordance with other preferred 
embodiments. 

30 FIGS. 5 and 6 provide cross-sectional views of alternative leading and/or 

trailing edge profiles of the windage plate. 



#254408 



-3- 

Detailed Description 

While the claimed invention has utility in any number of different 
applications, FIG. 1 has been provided to illustrate a particularly suitable 
environment in which the claimed invention can be advantageously practiced. 
5 FIG. 1 provides a top plan view of a data storage device 100 of the type 

configured to magnetically store and transfer digital data with a host device. The 
device 100 includes a base deck 102 which mates with a top cover 104 (shown in 
partial cut-away) to form a sealed housing. 

A spindle motor 106 rotates a number of axially aligned, magnetic 
10 recording discs 108 at a constant high speed during device operation. An actuator 

assembly 110 supports a corresponding array of data transducing heads 112. 

During operation, the heads 1 12 are hydrodynamically supported adjacent 
the disc surfaces by fluidic (air) currents 113 established by the high speed rotation 
of the discs 108. The currents 113 generally circulate along the direction of 
15 rotation of the discs 108 (in this case, counter-clockwise as depicted in FIG. 1). 

Application of current to a coil 1 14 of a voice coil motor (VCM) pivots the 
actuator assembly 1 10, thereby causing the heads 1 12 to move radially across the 
disc surfaces to access data tracks (not shown) defined thereon. 

A number of stationary separator plates 120 are interposed among and 
20 adjacent the various disc surfaces. The separator plates 120, also referred to as 

windage plates, are utilized to effect head positioning control during operational 
and deactivated modes of the device 100. 

FIG. 2 provides an elevational, cross-sectional view of the device 100 to 
generally illustrate preferred configuration and orientations of the plates 120. It is 
25 contemplated that the device 100 includes three axially aligned discs 108 which are 

separated by two spacers 122. A total of four plates 120 are interposed with the 
discs 108 as shown with two intermediary plates between the discs 108, one above 
the discs 108 (visible in FIG. 1) and one below the discs 108. Shroud surfaces 124 
are preferably provided to selected ones of the plates 120 to provide fluidic control 
30 at the outermost diameters (ODs) of the discs 108. 

The separator plates 120 substantially extend adjacent the entire disc 
surfaces, and are each provided with an open portion 126 to allow access for the 
actuator assembly 1 10 to position the heads 112 adjacent the disc surfaces. The 
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plates 120 operate to reduce the flow velocity of the fluidic currents 1 13 in the 
open portion 126 near the heads 112, thereby inducing laminar flow and reducing 
vibrations that can adversely affect head positioning. 

The open portions 126 are each defined by a leading edge 128 (downstream 
from the heads 112) and a trailing edge 130 (upstream from the heads 112). The 
leading edges 128 are each preferably contoured with an arcuate shape so that the 
associated head 112 moves in close proximity to the leading edge 128 as the heads 
1 12 are moved across the disc surfaces during operation. 

As further shown in FIG. 3, each of the leading edges 128 supports a ramp 
structure 132 for use when the device 100 enters a deactivated mode. The ramp 
structure 132 of FIG. 3 is configured to guide the associated head 112 toward or 
away from the disc 108 during head loading/unloading. 

More particularly, the head 112 includes a forward projecting load tab 134 
which is contactingly guided along an inclined ramp surface 136 and onto a shelf 
surface 138 to park (unload) the head 1 12. This places the head 1 12 in a safe 
orientation while the spindle motor 106 is de-energized and the discs 106 are 
brought to rest. When the device 100 subsequently re-enters an operational mode, 
the spindle motor 106 is accelerated to a velocity sufficient to hydrodynamically 
support the heads 1 12, and the load tab 134 is guided across the shelf surface 138 
and down the ramp surface 136 to load the head 112 out over the disc surface 108. 

The ramp structure 132 can be fabricated separately from and subsequently 
affixed to remaining portions of the plate 120 using an overmolding or other 
suitable process. Alternatively, the entire plate 120 can be formed as a unitary 
article using an injection molding or other suitable process. The material 
composition of the ramp structure 132 is preferably selected to provide relatively 
low wear, particulation and friction characteristics. 

The ramp structure 132 in FIGS. 1-3 is shown to be located adjacent the 
innermost diameter (ID) of the disc 108, although such is not limiting. Rather, the 
structure can be advantageously located at any suitable location along the leading 
edge 128, including near the disc OD. 

It has been found that use of the ramp structure 132 at the ID can 
advantageously increase the available data recording area for a skew limited 
actuator geometry (as in FIG. 1) by allowing movement of the outermost diameter 
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of the data recording zone nearer to the disc OD as compared to conventional ramp 
designs that provide ramp structures near the OD. This is because such 
conventional ramp designs generally require that no data be recorded in the 
load/unload zone (i.e., adjacent the ramp structure). For example, as depicted by 
5 Table 1, the configuration exemplified in FIGS. 1-3 has been found to provide an 

additional 3.8% in the available data area of each disc surface as compared to such 
conventional OD ramp designs, improving the overall amount of data that can be 
accommodated by the device 100. 

10 





Conventional OD Ramp 


Plate with ID Ramo 


Spin to Pivot (inches, in.) 


1.560 


1.580 


Pivot to Gap (in.) 


1.260 


1.260 


Slider Skew 


0.000 


0.000 


Skew at OD (degrees) 


10.0 


10.0 


Skew at ID (degrees) 


-10.0 


-10.0 


OD Data Radius (in.) 


1.166 


1.200 


ID Data Radius (in.) 


0.726 


0.759 


Data Area (in. ) 


2.615 


2.714 


Data Area Increase 




3.8% 



Table 1. 

15 

While the embodiments described above place the ramp structure 132 on 
the leading edge 128 of the plate 130 so that the fluidic currents 113 pass across 
the head 1 12 prior to reaching the ramp structure 132 (see FIG. 1), such is not 
20 necessarily required. For example, FIG. 4 illustrates an alternative placement of 

the ramp structure 132 along the trailing edge 130 so that the fluidic currents pass 
the ramp structure 132 prior to reaching the head 112. 
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It will be noted that the ramp structure 132 in FIG. 4 is located near the OD 
of the discs 108, and further includes a latching feature 140 (bump) which serves to 
latch, or retain, the load tab 134 on the shelf surface 138. 

As desired, the leading and/or trailing edges 128, 130 of the plates 120 can 
be additionally configured to further control the fluidic currents 113. For example, 
FIG. 5 shows the leading edge 128 with tapered surfaces 142 so that the thickness 
of the plate 130 tapers to a point. FIG. 6 shows the leading edge 128 with an air 
dam 144 which provides a localized increase in thickness of the plate 120. 

While the foregoing illustrative embodiments have used the plate 120 in the 
environment of a data storage device, such is not limiting. Rather, the plate can be 
utilized with any number of different types of rotatable surfaces with access 
elements including drums, tapes and disc shaped members. 

In view of the foregoing discussion, it will now be appreciated that the 
present invention, as embodied herein and as claimed below, is generally directed 
to an apparatus which provides improved positional control for an access element 
moveable adjacent a rotatable surface. 

In accordance with some preferred embodiments, the apparatus comprises a 
circumferentially extending windage plate (such as 120) adapted for placement 
adjacent a rotatable surface (such as 108), the plate comprising an edge surface 
(such as 128, 130) configured to extend adjacent a movement path of an access 
element (such as 1 12) across the rotatable surface, said edge surface supporting a 
ramp structure (such as 132) adapted to receivingly support said access element at 
a position away from the rotatable surface. 

In accordance with other preferred embodiments, the apparatus comprises a 
rotatable surface (such as 108), an access element (such as 1 12) moveable along a 
movement path adjacent the rotatable surface, a stationary, circumferentially 
extending windage plate (such as 120) adjacent the rotatable surface comprising an 
edge surface (such as 128, 130) disposed adjacent the movement path, and a ramp 
structure (such as 132) supported by the edge surface which receivingly supports 
the access element at a position away from the rotatable surface. 

For purposes of the appended claims, the recited "first means" will be 
understood consistent with the foregoing discussion to correspond to the disclosed 
windage plate 120 which incorporates the ramp structure 132 as depicted in FIGS. 
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1-6. Structures that fail to circumferentially extend adjacent a substantial portion 
of the disc, such as localized cantilevered members that support a ramp structure, 
are expressly excluded from the definition of an equivalent. 

It will be understood that even though numerous characteristics and 
5 advantages of various embodiments of the present invention have been set forth in 

the foregoing description, together with details of the structure and function of 
various embodiments of the invention, this detailed description is illustrative only, 
and changes may be made in detail, especially in matters of structure and 
arrangements of parts within the principles of the present invention to the full 
10 extent indicated by the broad general meaning of the terms in which the appended 

claims are expressed. For example, the particular elements may vary depending on 
the particular application without departing from the spirit and scope of the 
claimed invention. 
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